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Ammonia Content in the Venus Atmosphere According to Da

from the Venera-8Planetary Probd

Yu. A. Surkov, B. M. Andreychikov, O. M. Kalinkina

(presented by Academician A. P. Vinogradov, 11/20/72)

Previously we published [1-4] the results of a study of the i2,6*

composition of the atmosphere of Venus which were obtained -by means

of a gas-analyzinR device which was installed on the planetary

probes. Venera--4, -5, and -6." The data from these measurements

showed that carbonic acid gas is the chief component of the

atmosphere and that its content amounts to 97%. Nitrogen is

present in an amount not exceeding 2%, oxygen--0.1%, and water

vapor in relatively large amounts only in the upper layers of the

atmosphere.

Meanwhile, despite the creation of completely definite

concepts of the composition and structure of the atmosphere, the

problem of the cloud layer of Venus remained unsolved. In some

works [5-8] clouds of the water type are suggested as the basic

component, while other authors [9-12] do not consider them the

chief component of the dense cloud cover of Venus. In addition,

some results [13-16] of measurements in the atmosphere of the

planet indicate a possible phase transition on the level of

pressures of 1-2 atm, which does not agree with a water. model -

of the cloud layer.

"Numbers in the margin indicete pagination in the foreign text.
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The peculiarity of the

Input of atmosphere physical-chemical characteristics

to be tested of the atmosphere of Venus

allows the supposition that the

geochemical evolution of some of

:6 its components must differ from

the components of the earth's

atmosphere. In this regard, the

Sevolution of nitrogen in the

atmosphere of Venus is of defi-

5 nite interest. The source of

nitrogen--ammonia--probably as on

Fig.1. Schematic diagram of the eart4 was degasified as a result
operation of the ammonia meter:11-
measurement chamber; 2-calibrac of volcanic activity. On the

edvolume; 3-photoresistors; 4- I earth NH 3 was oxidized by photo-
filter; 5-electronic unit. synthetic oxygen with the form-

ation of free nitrogen. But with a small amount of 02 and an

abundance of C02 in the atmosphere of Venus, the presence of

nitrogen partially in a bound state in the form of ammonia may be

expected. Therefore, an experiment was set up on the >planetary -.

probe ""Venera-8" to determine the ammonia content in the atmo-

sphere of Venus.

As is known,"Venera-8 in July 1972 reached the surface of

the planet, after having completed a smooth descent in its atmo-

sphere. The goal of the launching of the "Venera-8" probe

to obtain data on the character of the soil composing the surface

of Venus, and also to study the physical-chemical characteristics

of the atmosphere on the light side of the planet and, in particu-

lar, to determine the ammonia content.

In order to measure the ammonia, an instrument was set up on /297

the probe based on a differential linearly-colorime'tric method of

determination, i.e., the registration of change in color of a
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chemical agent with the action of ammonia on it. Bromphenol

blue in calcined silica gel was used as such an indicator. The

principle of operation of the instrument is shown in Fig. 1. The

instrument was a vacuum-action system, consisting of two cham-

bers--the measurement chamber, 1, and the calibration chamber, 2.

In the measurement chamber a transparent cuvette with an ammonia

absorbent was installed, which had contact with a light guide and

a block of detectors; the cuvette has two sections--an operational

and a calibrating section--which were filled with indicator powder.

The calibrating section of the cuvette was hermetically sealed off

from the operational section and the outside atmosphere. The op-

erational section is joined to a vacuum-action calibration vessel.

The light source through the light guide ensured even lighting of

the euvette. The light, partially absorbing, passed through a thin

layer of a chemical agent and was taken up by photoresistors, 3, one

of which was in contact with the operational section of the cuvettbe,

the other, with the calibration section.

On command of the programmed-time device of the station, the

instrument became unsealed, and the atmosphere entered through

the operational section of the c.vette into the calibration vessel.

During the descent of the station, the instrument was opened and

the gas passed constantly, under the influence of external pressure,

through the operational section of the cuvette, where the measurement

of the ammonia took place.

The instrument set up on the "Venera-8"probe made measurements

on two levels at a pressure of 72 atm and .,8 atm. Both readings

of the instrument correspond well, and the volumetric content

of the gas in the measurement sector may be estimated to be 0.01-

0.1%.

As was pointed out above, we used as an indicator bromphenol

blue in calcined (dehydrated) silica gel. Under the conditions of
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the atmosphere of Venus, it is sufficiently selective as an

indicator for ammonia. Nevertheless it must be noted that the

results obtained may mask the presence of alkali vapors. But

neither the data of direct and spectroscopic measurements of the

composition of the atmosphere of Venus [17] nor the observed

balances of the system of the atmosphere-lithosphere under the

parameters of the atmosphere of Venus which were close to those

measured with the aid of the apparatus of the l"Venera- 8'a io"e

[18], indicate the possibility of the presence in the atmosphere

of the planet of any other components which give alkaline reac-

tions. Thus the results which we obtained with the aid of the

instrument of the "Venera-8".probe ,must be due to the presence

of ammonia in the atmosphere of the planet.

The data available allow some suppositions to be made on the

structure and chemical composition of the cloud layer of Venus.

As is known, ammonia easily combines with carbonic acid gas and

water vapor, forming a whole series of compounds (carbonate,

bicarbonate, carbamate of ammonia, etc.). These are white crys-

talline substances which are easily soluble in water and are

volatilized when the temperature rises. The quantities of ammonia

which we measured show that similar compounds in the atmosphere

of Venus must be formed at a temperature of 270-2800 and lower.

In addition, the lower border of such a cloud layer (level of

decomposition of ammonia compounds) must be rather sharp, and the

ammonia content near to its maximum.

Insignificant amounts of fluoride and chloride of ammonia

may enter into the composition of the ammonia clouds. In addi-

tion, chloride of ammonia under the conditions of the atmosphere

of Venus decomposes under a pressure of ,~ 10 atm. Ammonia clouds

of such a type must be multilayered. The lower level of the

clouds should consist primarily of ammonium chloride, possess a

low density, and be located at a pressure level of ~10 a m.
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The second layer must be located on a level where the pressure /298

constitutes -<1,-2 atm. Here the primary composition of the

particles are carbonates of ammonia. Finally, depending on the

relationship of water vapors and ammonia above this level, the

existence of ice crystals is not excluded.

Near the lower edge of the ammonia clouds a precipitation of

ammonia salts, their subsequent disintegration, and the diffusion

of water vapor and ammonia upward are possible. Clouds of the

ammonia type have only a very small amount of liquid water, if

any. Probably here the washing action of the rains is insignifi-

cant, and consequently, the presence in the cloud layer of Venus

of particles of mineral dust is possible. It is known, for

example, that volcanic dust on the earth rises to an altitude of

60 km.

V. I. Vernadskiy SWubmftted 11/10/72

Institute of Geochemistry and Analytical Chemistry

U.S.S.R. Academy of Sciences

Moscow
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